To detect exoplanets and study pulsation of K giant stars, we have observed precise RV (radial velocity) of about 55 early K giant (K0 -K4) stars brighter than V = 5 magnitude since 2003 by using BOES, a high resolution Echelle spectrograph attached to the 1.8 m telescope at BOAO (Bohyunsan Optical Astronomy Observatory). We detected periodic RV variation of K0 III star β Gem (HD 62509) with a period P = 596.6 ± 2.3 days and a semi-amplitude K = 44.8 ± 0.7 m s −1 . If we adopt 1.7 M ⊙ for the mass of β Gem , this yields the minimum mass of the companion m sin i = 2.64 M Jupiter . Our results agree well with Hatzes et al. (2006) and Reffert et al. (2006) , and confirm their discovery of a planetary object around β Gem . We also confirmed about 192 minutes short period stellar oscillation found by Hatzes and Zechmeister (2007) . This is the first report of exoplanet detection using BOES and demonstrates that the RV observation using BOES is accurate and stable enough to detect exoplanets around bright K giant stars.
I. INTRODUCTION
Since the first exoplanet was discovered in 1995, more than 200 exoplanets have been detected. Up to now, majority of exoplanets were detected by radial velocity measurements around low mass F-G dwarf stars. Existence of planets around intermediate mass early-type stars and their planetary parameters have not been investigated well due to their fast rotational velocities and lack of appropriate number of sharp absorption lines in their spectra. When intermediate mass stars evolve toward the red giant stage, they go through G and K-giant phase, where many sharp absorption lines appropriate for high precision RV measurements are available. Therefore K and G-giant stars are promising targets for detecting exoplanets with RV technique. There are several on-going exoplanet surveys for K and G giant stars and about 7 exoplanets were detected (Hatzes et al. 2006 ) and (Sato et al. 2007) .
We have conducted a precise RV observations using the 1.8m telescope at BOAO (Bohyunsan Optical Astronomy Observatory) since 2003 to search for exoplanets around K giant stars and to study their pulsations and surface magnetic and spot activity. Our sample consists of about 55 early K (K0 -K4) giant stars and additional 10 M-giants, several Ap stars and F-type yellow super-giants. Most of them are brighter than fifth Corresponding Author : I. Han magnitude. In this paper we present the result of the RV observations conducted on β Gem .
II. THE TARGET STAR
β Gem (HIP 37826, HD 6509, HR 2990, Pollux) is one of the brightest nearby giant stars (V=1.16, B − V = 0.99, K0III) in the sky. Some stellar parameters of β Gem are listed in Table 1 . We estimated the atmospheric parameters of β Gem from the spectra obtained by using BOES and the analysis done by using the TGVIT program by Takeda et al. (2002) . Table  2 . shows the estimated atmospheric parameters with some results determined by other authors. We see that our estimation is close to the mean value of other determinations.
The RV variation of β Gem has been known since 1980s. Walker et al. (1989) first detected β Gem's RV variation of about 30 m s −1 . Two different values of the RV variation of P = 585 days and 558 days were reported by Larson et al. (1993) and Hatzes & Cochran (1993) respectively. Though the reality of the RV variation was certain, they could not identify the cause of the RV variation. They mentioned several possibilities such as the low mass companion, rotational modulation of surface features, and stellar pulsation. After more than 10 years' observation, Hatzes et al. (2006) and Reffert et al. (2006) concluded that the period of the RV variation is about 590 days and the cause of the RV variation is due to a planet with minimum mass of -59 - 
III. OBSERVATIONS AND DATA REDUC-TION
Observations of β Gem were carried out during Apr. 2003 -Feb. 2008 using the fiber-fed high resolution Echelle spectrograph (BOES) attached to the 1.8 m telescope at BOAO. BOES has three fibers with diameter of 80, 200, and 300 µm. The measured resolving power for each fiber is R = 90000, 45000, and 30000 respectively. The efficiency is as high as 15 %. Using a 2k×4k CCD, the wavelength coverage of BOES is 3600 -10500Å with 86 spectral orders in a single exposure. BOES is also equipped with an iodine gas absorption cell for precise radial velocity measurements. A more detailed information of BOES can be found in .
All the observations of β Gem were conducted using 80 µm fiber to achieve the highest resolving power and RV accuracy. A typical exposure time was 200 s achieving a S/N ratio of 150. For the precise relative wavelength calibration and the modeling of instrument profile, all spectra were obtained through the iodine absorption cell.
The extraction of normalized 1D spectra was done by using the IRAF package following standard procedures (bias subtraction, background removal, flat fielding, and wavelength calibration). Then radial velocities were measured by using the RVI2CELL code developed Han et al. (2007) . This code adopted basically the same algorithm and procedure described by Butler et al. (1996) . However we model the instrument profile using the least squares method descried in Endl et al. (2000) . We solved the matrix equation by using a singular value decomposition method instead of the maximum entropy method adopted by Endl et al. 2000) . Table 3 and Figure 1 show the observed radial velocities. The observed data cover about 4.5 years and the typical accuracy is about 6 m s −1 .
IV. ORBITAL PARAMETERS AND COM-PANION MASS
Orbital parameters were estimated by using the nonlinear least squares method. Table 4 lists the estimated orbital parameters and the orbit is shown by the solid line in Fig. 1 . The estimated orbital parameters agree very well with the results of Hatzes et al. (2006) and Reffert et al. (2006) . By investigating line profile variation and Hipparcos photometry, they argued that the RV variation is due to orbital motion by an unseen low mass companion. To determine the mass of the companion, we first estimate the mass of the host star. Allende Prieto & Lambert (1999) , and Drake & Smith (1991) estimated the mass of β Gem as M = 1.7 M ⊙ . We estimated the mass of β Gem by using the stellar parameters in Tables 1 and 2 agrees well with the result of Allande Prieto & Lambert (1999) . It may again indicate the reliability of our estimation of the atmospheric parameters. Adopting M = 1.7 M ⊙ , we estimate the mass of the companion as m sin i = 2.47 M Jupiter . The r.m.s. residual after subtracting the orbit from the observed data is 9.1 m s −1 . This is a little bit larger than the estimated error. It may be due to an additional companion, or the small intrinsic RV variability of β Gem . We searched for possible periodic signal in the residual. Fig. 2 shows the periodogram of the residual. We find the largest peak at frequency 7.487 c/d (86.7 µHz). Though this is not significant statistically, it is close to the frequency 86.91 µHz discovered recently in β Gem by Hatzes & Zechmeister (2007) .
β Gem does not show large intrinsic RV variation. It is rather unusual for K giant stars. More than 70 % of our 55 K giants show intrinsic RV variation larger than several tens of m s −1 . These variations are mostly due to stellar rotation, surface spots, pulsation, or binarity.
V. SUMMARY AND CONCLUSION
From the RV data of β Gem obtained during 2003 -2008 by using BOES, we determined the period and orbital parameters. Our determinations agree well with the results of Hatzes et al. (2006) and Reffert et al. (2006) , and confirm their detection of an exoplanet with a minimum mass m sin i = 2.64 M Jupiter . Though the cause of the 44.8 ms −1 RV variation is almost certainly due to orbital motion, it is nevertheless still important to continue RV observations to improve the orbital parameters and to look for additional planets or intrinsic variations. Our observation adds about two more years of data to other groups with equivalent ac-curacy. This is the first report of exoplanet detection using BOES. 
